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本论文以微晶纤维素(MCC)和稻草秸秆为研究对象，利用 Fe-resin 在 NaCl 溶液
中对其进行水解反应制取葡糖糖和平台化合物乙酰丙酸(LA)和糠醛。主要结果
为： 
(1) 在水热条件下利用 Fe-resin 在 NaCl 溶液中对 MCC 进行水解，以 MCC
的转化率以及葡萄糖和 LA 的收率为考察指标，研究了影响 MCC 水解反应的因
素如制备 Fe-resin 的 FeCl3 溶液的浓度、NaCl 的浓度、反应温度和时间，筛选出
MCC 的最佳反应条件为：0.5 g MCC，0.3 g 10% Fe-resin，40 mL 5% NaCl 溶液，
反应温度为 200 ℃，反应时间为 5 h，此条件下 MCC 的转化率为 90.9%，葡萄糖
和 LA 的收率分别为 38.7%和 33.3%，二者的选择性为 80%。研究表明 MCC 的
水解过程分为三步：第一步，NaCl 使 MCC 的结晶区变为无定型区；第二步，
Fe-resin 把无定型纤维素转化为多糖(WSSs)；第三步，Fe-resin 上的 Fe3+ 逐步释
放到 NaCl 溶液中，使 WSSs 转化为葡萄糖和 LA。MCC 在最佳反应条件下被
Fe-resin/NaCl 严重破坏。 
   (2) 在水热条件下利用 Fe-resin 在 NaCl 溶液中对稻草秸秆进行水解，以稻草
的转化率以及还原糖(TRS)、平台化合物 LA 和糠醛的收率为考察指标，探讨了
影响稻草水解的因素如稻草的目数、反应时间、液固比、固固比，并筛选出稻草
的最佳反应条件为 0.2 g 40-60 目稻草、0.15 g Fe-resin、30 mL 去离子水、反应时
间 5 h。此条件下稻草的转化率为 73.5%，葡萄糖和 LA 的收率分别为 17.3%和
4.9%；为了提高未处理的稻草的转化率和产物收率，我们采用了盐藻藻液、超声、
蒸汽爆破和 Na2SO3 处理四种方法对稻草进行预处理(处理后的稻草分别记为
YZ-RS、CS-RS、ZQ-RS 和 Na2SO3-RS)，通过 XRD、SEM 等表征手段及元素分
析及化学组分含量分析，筛选出蒸汽爆破和 Na2SO3 处理是两种较好的预处理方
法。利用 Fe-resin 在 NaCl 溶液中对这两种预处理的稻草进行水解。根据稻草的
转化率和水解液中的产物分布，得出以下结论：反应温度由 180 ℃提高至 200 ℃















使用可以提高稻草的转化率和产物的收率；ZQ-RS 在 180 ℃下经 20% Fe-resin
水解后产物的选择性达到 57%，对应的理论值为 62%；Na2SO3-RS 在 200 ℃下经
10% Fe-resin 在 3.3%的 NaCl 中水解后，转化率达到 97.3%，TRS 和 LA 的产率
分别达到为 29.6%和 13.5%，对应的理论产率分别为 34.6%和 15.8%。ZQ-RS 和





















Cellulose and hemicellulose in biomass are both glycans and can be hydrolyzed 
into monosaccharide, which can be further converted into some useful chemicals. 
Therefore it is important for the hydrolysis of cellulose and hemicellulose for the 
utilization of biomass. This paper researches the hydrolysis of microcrystalline 
cellulose (MCC) and rice straw (RS) by Fe-resin in NaCl solution to obtain 
monosaccharide, LA or furfural. The results are as follows: 
(1) The selective hydrolysis of MCC by 10% Fe-resin (a modified Dowex 50 by 
cation-exchange) solid catalyst in 5% NaCl solution under hydrothermal conditions 
has been investigated. The conversion of MCC increases from 24.4% (without 
catalyst) to 90.9%, and the yield of glucose and levulinic acid (LA) increases from 
0.6% and 1.1% (without catalyst) to 38.7% and 33.3%, respectively, under 200  for ℃
5 h. The role that Fe-resin/NaCl played in the system is discussed in detail: NaCl 
could disrupt the hydrogen-bond matrix among cellulose fibers to change highly 
crystalline cellulose into amorphous form; Lewis acids on Fe-resin further boost the 
depolymerization of amorphous cellulose into water soluble sugars (WSSs); Fe ions 
on Fe-resin progressively released into NaCl solution are beneficial to the conversion 
of WSSs to glucose and LA. A three-step degradation scheme reflecting the main 
pathways of MCC degradation in the reaction is proposed. MCC was severely 
damaged under optimum hydrolysis conditions by Fe-resin/NaCl. 
(2) The hydrolysis of rice straw by Fe-resin in NaCl solution under hydrothermal 
conditions has been investigated. The optimum hydrolysis conditions of rice straw(RS) 
are 0.2 g 40-60 mesh rice straw, 0.15 g Fe-resin, 30 mL deionized water and reaction 
time 5 h. The conversion of Un-RS was 73.5%，and the yield of total reducing sugar 
(TRS) and levulinic acid were 17.3% and 4.9%, respectively, under those conditions. 
In order to increase the conversion of rice straw and the yield of products, we 
employed four methods to pretreat RS (the treated RS noted as YZ-RS, CS-RS, 
ZQ-RS and Na2SO3-RS, respectively) and found that steam explosion and Na2SO3 















analysis and the change of the content of cellulose, hemicellulose and lignin in them. 
After analyzing the conversion of ZQ-RS and Na2SO3-RS and the yield of products 
with Fe-resin as catalyst in NaCl solution, the data showed that when reaction 
temperature increased from 180  to 200 , the conversion of ZQ℃ ℃ -RS and 
Na2SO3-RS increased and the platform chemical compound changed to LA from 
furfural. The utilization of NaCl could enhance the conversion of ZQ-RS and 
Na2SO3-RS and the yield of products. The selectivity of TRS and furfural was 57% 
after the hydrolysis of ZQ-RS by 20% Fe-resin under 180 . The conversion of ℃
Na2SO3-RS and the yield of TRS and LA were 97.3%, 29.6% and 13.5%, respectively, 
after the hydrolysis of Na2SO3-RS by 10% Fe-resin in 3.3% NaCl solution under 200 
. ZQ℃ -RS and Na2SO3-RS were severely damaged by Fe-resin/NaCl. 
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